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k>TAT 


Mr. William Casey 
Director 

Central Intelligence Agency 
Washington DC 20505 

Dear Mr. Casey, 

Does your agency use election data to analyze political 
developments in foreign countries? I wish to share with 
you a new method of analyzing election data that can give 
long-range indications of major political changes: changes 
that may include the emergence of a new political party or 
social movement, a civil war, or the transformation of a 
- democratic government into a- totalitarian regime-. The 
method can be applied to any country with fair elections, 
such as Japan, India, Turkey, or Greece, among many others. 


I have enclosed a recent journal article that shows how 
this method works with American election data. I have 
found similar results in Japan, India, Indonesia, Weimar 
Germany, and other nations. The method is based on a new 
scientific theory of voting behavior, which relates voting 
to the structure of a society and certain universal 
characteristics of how the human brain processes 
-information. The method may look complex, but it is easy 
to apply and very inexpensive. 


Although the ideas here are new and will undergo further 
refinements, I believe that the time is right to begin a 
concerted program that will collect and analyze election 
data from all nations. Over a period of years, this will 
prove to be a valuable complement to traditional short-term 
political intelligence gathering. 


Should you or your agency be interested in pursuing these 
ideas, I will be available to a ssist. Enclosed is my 
resume and that of my associate We also 

have considerable experience in evaluating the usefulness 
of information to decision makers, which would be an 
important adjunct to a program such as this. 


Sincerely, 



Stephen Coleman, Ph D 
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THE HUMAN BRAIN, SOCIAL CONFORMITY, AND 
PRESIDENTIAL ELECTIONS 
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STEPHEN COLEMAN 
Minneapolis , Minnesota 


This paper investigates aggregate voting behavior in American 
presidential elections from 1904 to 1980; the state is unit of 
analysis. We abandon the traditional assumption that voting is 
a rational process and instead construct a model to test the 
power of social conform ty over voting decisions. The model, 
which uses the entropy measure of statistical information theory, 
allows specific numerical tests of its validity and, additionally, 
reveals unexpected dynamic patterns in voting behavior. We find 
four distinct processes related to social conformity that affect 
voter turnout and the distribution of votes among presidential 
candidates. A mathematical model for each process is identified 
and parameters are estimated from election data. 
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FOREWORD 

Rationality or conformity— which . better describes peo- 
ple's voting "behavior? Here we cast our vote far conformity 
after an analysis of American presidential elections from 
1904 to 1980. 

Over the past few decades we have witnessed an extensive * 
development of voting theory that has at its root the assump- 
tion that voting is an individualistic, rational act. In- 
deed much of voting theory has become the province of econo- 
mists, who see voting choices as analogous to economic choices, 
where rationality is axiomatic. One certainly cannot refute 
the possibility that individual voters evaluate and rank 
political candidates according to some logical preference 
scheme. This possibility is the basis of our faith in the 
democratic electoral process. But is our faith well founded 
in empirical evidence? 

Here we shall take a fresh look at voting, with new as- 
sumptions. These will lead us to mathematical models of vot- 
ing that hold up under empirical testing and reveal unex- 
pected patterns in collective voting behavior — patterns which 
cannot be explained by the conventional thinking about voter 
rationality. We shall demonstrate that voting has to do with 
conformity rather than with rationality and that the outcome 
on an election has more to do with how the human brain 
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PRESIDENTIAL ELECTIONS 97 

starts at a very young age with little further age develop- 
ment, nor is it much related to a person’s intelligence, edu- 
cation, culture, or socioeconomic status. 

This line of research makes it seem very likely that 
people have in their minds automatically and at all times 
information on the relative frequencies of well-known polit- 
ical categories such as defined by political party identifi- 
cation or voting participation. 

Assume now that we have a society where people are good 
estimators of relative frequency. Can they perceive how con- 
formist their society is? Not directly, I maintain. Suppose 
we ask one of the citizens which of two situations would feel 
more conformist: first, the case where 70 percent of the 
people are in one group and 30 percent in another; or case 
two, where 80 percent are in one group, 15 percent are in a 
second group, and 5 percent are in a third group. To answer 
this, I believe, requires more than the knowledge of the 
probabilities — it requires a calculation or assessment of the- 
balance of probabilities among the various groups. How might 
the human mind rank the degree of conformity where probabili- 
ties and numbers of groups differ? 

Again, psychology offers insights. Research has shown 
that there is a limit on how many groups, or choices, and 
their relative frequencies that the brain can handle at one 
time {G. Miller, 1956; H. Miller and Bieri , - 1963 ) . The meas- 
ure for this degree of complexity is the entropy concept of 
statistical communications theory (Shannon and Weaver, 1969; 
Fano, 1961) . Apparently, this measure- captures something 
important about how the brain processes probabilistic infor- 
mation. Entropy — which we define below — is. the. inverse of 
conformity. In other words, there/Jts a limit on how much- 
nonconformity people can perceive. r ^ 

This limit is a number on a ratio scale and corresponds 
to the situation where a person has to distinguish accurately 
among seven or eight equally likely possibilities. (Differ- 
ent experiments give slightly different results.) 

The origin of the entropy measure is in communications 
theory, where it describes the capacity of a communications 
channel and the structural content of messages being sent and 
received. So our discussion of conformity and its perception 
leads us to the view that, in some instances, behavior is a 
form of communication as the brain perceives it. And because 
entropy is a unique measure for the capacity of a communica- 
tion channel (such as the brain) , we ought to consider how 
entropy might 'relate to social behavior, generally, at levels 
of structure below the brain’s capacity limit. 

Before going further, we must clarify a point that might 
be confusing to social scientists. A usual research practice 
is to start with a concept, such as "conformity,” and then 
’’operationalize" it, that is, find a quantitative measure 
that seems to encompass what we mean by the concept. Then 
one tests out hypotheses involving the concept by its surro- 
gate measure. The measure may, of course, have no necessary 
or unique relation to the concept. 
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PRESIDENTIAL ELECTIONS 99 

Information theorists (Fano, 1961; Khinchin, 1957; 

Shannon and Weaver, 1969) argue that in order for a quantity 
to be a reasonable, consistent, and useful measure of infor- 
mation or uncertainty for a set of alternative events, the 
measure must have certain axiomatic properties. They then 
Drove that the exact form of the equation above is necessary 
and sufficient for a measure that has the desired properties. 

Entropy is synonymous with "average information (Fano, 
1961) because it is an average of terms of the form -log p, 
each of which measures the information in the occurrence of 
an event expected with probability p. Entropy can also be 
interpreted as a measure of uncertainty (Khinchin, 1957, p. 7). 
Entropy describes the amount of information that has to be 
known to remove all of the uncertainty about what will happen 
in a given situation. The terms entropy, average information, 
and uncertainty will be used interchangeably. Note, however, 
that entropy in communications theory is not the same as the 
entropy of thermodynamics, although both have the same mathe- 
matical form. In thermodynamics entropy is a measure of- dis- 
order. Attempts have been made to apply this concept of en 
tropy to social analysis as well. ... 

Entropy has the property (by definition) that it is 
qreatest when the probabilities of all n events are equa 
(to 1/n) . In this case, H(S) = log n. Observealso that as 
the probabilities become closer to equality, entropy in- 
creases up to the maximum. Entropy is never less than zero. 

ELECTION ENTROPY HYPOTHESIS 

Let us now turn our thoughts to voting. In any elec- 
tion there are two choices that face the voter: whether oj: 
not to vote," and', if' voting, for whom. One can measure the _ 

' e'ntropy or uncertainty- in each of these two choice situations 
by computing first the probabilities of the alternatives and 
then the entropy for each set of alternatives. We may not 
know the probabilities prior to the election, but we can use 
the election outcome to calculate retrospectively the proba- 
bility of a randomly chosen person voting or abstaining or, 
if voting, the probabilities of voting for the various par- 
ties or candidates (for a single office). 

We can interpret an election entropy measurement as the 
degree of difficulty or sense of uncertainty that an arbi- 
trarily chosen citizen — or political observer in a society 
will have in trying to predict who will vote for whom. In a 
high entropy society it will be relatively difficult to pre- 
dict how others will vote; in a low entropy society we will 
be able to anticipate more often the random voter's behavior. 
Thinking of conformity, we see that in a high entropy society 
people will be relatively less conforming — there will be more 
factions or larger minorities — as compared to a low entropy 
soc ie tv . 

People in the society ought to be able to detect changes 
in the level of conformity through their perceptions of proba- 
bilities or relative frequencies of how others will vote, }ust 
as we scientific observers can detect change through election 
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PRESIDENTIAL ELECTIONS 101 

We have no data on how persons behave given that they 
perceive a certain level of uncertainty or conformity in the 
voting behavior of their fellow citizens. Yet because a 
voter can choose only one alternative from a set, we will 
never be able to assess the degree of conformity or influ- 
ence of entropy in a society by looking at the behavior of 
any single individual. We have to look at how individual 
behaviors combine. The best and only way to examine the in- 
fluence of entropy on collective voting patterns is to pre- 
sent results that strongly imply the existence of a link 
between H(P) and H(T) or which show that these measures 
separately have a strong impact on election outcomes. 

We come then to the hypothesis that we want to test 
first: that the two measures H(T) and H(P) are equal if we 
take into account the number of choices in each set of alter- 
natives. To put both measures on the same (ratio) scale, 
one need only divide each by the maximum possible for the 
set. For the two-choice situation of voting or abstaining, 
we divide H (T) by log-2; for the a-chorce situation of vot- 
ing for one of the political parties or candidates, we divide 
H (P) by log n. Thus, the hypothesis is that 

H (P) / log n = H (T) / log 2. 

As log 2=1 



We shall call this predicted relation (Eq. 1) the "en- 
' tropy. (or uncertainty) hypothesis." If true, it implies that 
: people acting together adjust their voting behavior so as to 
- be consistent in. how they respond to perceiving the same 
.(relative) level of entropy. In terms of -conformity, the 
hypothesis is that people are making their voting decisions 
as if society exerts the same degree of conformity in each 
of the two behavioral situations. If a society is conformist 
to a certain degree in getting people to vote, it will be 
conformist to the same degree in how the vote divides among 
the political parties. 

Several additional points bear on the testing of the 
hypothesis. First, the number of political parties must be 
determined. It may not be obvious how many choices people 
generally perceive in an election. So this becomes an em- 
pirical question that we must investigate. 

A second .point is that one would, it seems, want to ex- 
amine those elections where the population was most aware 
that an election was taking place and knowledgeable about 
the different political parties, that is, able to distinguish 
them at least. This consideration leads us to examine the 
major national elections, such as American presidential elec- 
tions or parliamentary elections in most other countries. 

A third difficulty with the hypothesis is that it says 
nothing about change over time. The presence of an integer 
n in Eq. (1) indicates that we have to deal with discrete 
change, as when the number of parties changes, in addition 


Approved For Release 2009/09/21 : CIA-RDP87M00539R002804720026-8 







Approved For Release 2009/09/21 : CIA-RDP87M00539R002804720026-8 


PRESIDENTIAL ELECTIONS lUD 

except for states in the American South. Only the South shows 
the expected pattern of turnout increasing with competitive- 
ness. This result partially supports the entropy hypothesis 
because turnout in the South has been consistently below 50 
percent. That she does not find a strong relationship in 
other states may have to do with the level of turnout (which 
is not reported) or with the choice of elections. We will 
show that strong time-lagged effects exist which have not 
been recognized in any of the prior election analyses, and 
this neglect has worked against detection of the turnout- 
competitiveness link in past research. 

Ashenfelter and Kelly (1975) take a broader look at the 
question of voter turnout in presidential elections and at- 
tempt to weigh rational or "economic" voting assumptions, 
such as costs and benefits perceived by the voter, against 
other interpretations of why people vote. Their analysis 
combines survey data for presidential elections in 1960 and 
1972 with data on certain system-level characteristics. The 
topical variety of factors included in their analysis is 
shown by this partial list: personal characteristics of vo- 
ters, costs of voting, strategic value of voting, partisan- 
ship of voters, past party competitiveness, interest in the 
campaign, and sense of obligation to vote. 

They explicitly reject the idea that voters weigh the 
costs and benefits of voting and conclude that it is the 
"sense of duty or obligation as the primary motivation for 
voting" (p. 724). And they further state that (p. 724), 

"Our results ... lead us to conclude that most voters correctly 
perceive that their vote will have no effect on the outcome 
of a presidential election..." They do not find a strong or' 
consistent link between party competitive-ness and turnout. 

I believe that their method of analysis and choice of 
elections (a-s .we see below) mitigated "against finding a turn- 
out^-competi tiveness relationship." Nevertheless, their find- 
ings seem to lend more credence to a conformity-based theory 
of voting participation than to the rational theory. 

PAST RESEARCH RESULTS 
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In my earlier book (Coleman, 1975) , I examined the en- 
tropy hypothesis for the United States, India, Japan, and 
Germany — all with subnational units of analysis. Elections 
were selected over a wide range of time: United States presi- 
dential elections in 1920, 1924, 1940, 1948, and 1968; India, 
the parliamentary election of 1962; Japan, thirteen parlia- 
mentary elections from 1924 to 1937 and 1949 to 1967; and 
Germany, parliamentary elections of 1924 to 1933. The en- 
tropy hypothesis was generally well supported in this exten- 
sive analysis; but in countries where there are different 
numbers of parties in different constituencies or where there 
are rapid changes over time, it was necessary to modify the 
hypothesis. That is, it became apparent that one had to know 
something of the dynamics of H(P) and H (T) change in order to 
explain fully the observed patterns. So it is that we under- 
take a study of entropy dynamics here. 
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r n f hip) values in the United States 

Inspection of maps ' elections, also indicated the pres- 
in 1968, °^.^ her n ^ e o5 voting conformity that tended to smooth 
out 6 d i f f e re nee s S between V neighbor ing states, although not for 

the country as a w |}°*®; ibutions m the United States have the 
Spatial H(P) distributions in Unes Qf equal tempera- 

look of dail y. wea ^®trv P Such a pattern is characteristic 
ture across the count ^.' thematica i functions known as har- 
of a certain class of ma ^ ai ! a jclrabedian, 1964; Kellog, 1953). 
monic or potential funct *°£® J. in diverse physical sciences 
This class of functions a PP® ars J armonic functions have unique 

be°tested" for empirically, which w. shall 

d ° be J,r also had 0 e«4”-re?^r 

certain time lags in another. This raised the pos- 

variables with respect t . . as happened in the fall 

sibility that J- arg ®, < r£ a a ^ d the rise of Hitler's regime— might 
of the Weimar Republic a J d “ b detecting changes in ante- 
be predicted years ^ ^ va ^ t t o the testing of the en- 

trow hypothesis’. evidence fer the existence and potentral 
ule of time lag data becomes compelling. 


TESTING THE ENTROPY HYPOTHESIS 


Our data set comprises 

dential elections-— the vote and the District 

for each state. (we h saine states might be fol- 

Of Columbia a P ri °^ s ° ^04 there were only 45 states anj 
lowed over time; but in , extracte d from readily available 

in 1908 only 47.) Data were e ^ Abstrcc i 0 f t he United 
references-, including iM.tt.tt.-- Univ ed Szates .'fC-olonial 

^ for- each election, we have , - 

three values: H(P), H(T), are so readily avail- 

Because data on American. ^etion.^ ' are so 

abU i an doSe Ca irii'i r he possible £°i many readers to dupli- 

: a U ly th d «e e ;es U ‘withe t di £ iiculty. thesis ^ fce . 

The best test of the -gLial voters would agree 

presidential election w e romDetin q for the presidency. If 
on the number of can l a per cent of the vote, it is likely 

a party obtains only, say, P existence and so cannot 

that miny voters are ~^!Hoting lor its 

estimate the relative q their entropy perception, 

candidate; it will not be a part or t ent or 10 per- 

When the size of a ^is* likely that many but not all potential 
cent of the vote, it i . ^ bv W hich to estimate its 

voters will have some ex P®“ a £ C al e* ti o n , we must anticipate 
SX\2 the S hypothesis C will*give us an int.rmedi- 

ate coefficient value, betwee 19 ^^or 1968 °when minority par- 
ses we r^widely 11 recognized* throughout the country ought to 
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the maximum is at 66 percent (R 2 = 78 percent) . For turnout 
at 1920, by contrast, the maxima align themselves much more 
closely to 50 percent, regardless of the choice of year for 
H ( p ) . This change in symmetry alignment at 1920 may simply 
reflect time delays, or it may be the effect of the introduc- 
tion of women's suffrage in presidential elections beginning 
at 1920. The "errors" in the parabolic alignment before 1920 
may in fact show that women did affect voting behavior even 
though they were not counted as potential voters in the turn- 
out computation. (A similar effect of shifted symmetry was 
observed in our previous analysis of Japanese prewar elec- 
tions when suffrage gradually expanded among males (Coleman, 
1975) .) 

The parabolic regressions that have the best fittings 
of H (P) to turnout are of nearly the same strength and loca- 
tion as the strongest H(P)-H(T) relationships cited above. 

We give these examples: 1932 H(P) fit to 1920 turnout has 
a maximum at 56.9 percent turnout with R 2 = 84 percent; 1940 
H (p) fit to 1920 turnout has a maximum at 57.0 percent turn- 
out with-R 2 = 86 percent; 1932 H(P) fit to 1-924 turnout has - 
its maximum at 56.9 percent turnout with R 2 = 79 percent; and 
1940 H (P) fit to turnout in 1924 has a maximum at 54.6 per- 
cent turnout with R 2 = 80 percent. 

Other examples of parabolic fitting are; 1920 turnout 
with 1920 H ( P ) , maximum at 50.6 percent turnout and R 2 = 36 
percent; 1924 turnout with 1920 H(P), maximum at 48.8 percent 
turnout and R 2 = 32 percent; 1924 H(P) and 1924 turnout, max- 
imum at 59.2 percent with R 2 = 55 percent; 1928 H(P) and 1928 
turnout, maximum at 52.1 percent turnout and R 2 = 35 percent. 

In recent elections, the low turnout rates in the South 
have increased to a level (nearer 50 percent) where the para- 
bolic shape is not' much in- evidence. In 1968, for instance, 

H ( P ) values decrease linearly -with increasing turnout, which 
is noteless than 44.0 percent in any state. (R 2 = 44 percent 
for a linear regression.) 

One can see from these results that the entropy hypothe- 
sis is well-established, but that voting behavior related to 
the H(P)-H(T) link is not always the dominant process affect- 
ing the election outcome. Indeed we shall see that the H(P)- 
H (T) process is but one of four (or perhaps more) autonomous 
dynamic processes involving entropy-related voting behavior. 

The time-lagged effects are as interesting as they are 
unexpected. Clearly, they too weigh against the rationalist 
idea that voters are examining and ranking the parties, can- 
didates, and issues of the moment. Beyond that, one must 
suppose that .the time delays represent the length of time it 
takes for changes in H ( P ) or H (T) to propagate through the 
population and for people to adjust the conformity in one 
voting situation to that of the other prior situation. Ob- 
viously, it takes some years for a new political party to 
emerge in a country as large and diverse as the United States, 
given that an increase in H(P) is anticipated. 

Time delays also suggest that a society "remembers" its 
entropy level. The social structure — the relationships among 
people and their expected behavior — -captured by an entropy 
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change in velocity is the acceleration from time t to t + 2 . 

The model of oscillatory behavior is a linear relation be- 
tween acceleration and level of H(P) 

A^H ( P) = c^CP) t+1 + C 2 (2) 

where ci and c 2 are arbitrary constants. This difference 
equation will have oscillatory behavior, that is, the solu- 
tion will be oscillatory, for ci in the interval (-4,0). 
(Goldberg, 1958; the auxiliary equation, p. 138, has complex 
roots in this interval.) 

If C2 = 0, then the oscillation centers about the point 
H (p) = 0. If c 2 * 0, then the motion is about H(P) = c 2 /ci, 

which is where A 2 H(P) =0. . 

A regression analysis of state A t H(P) levels against 
H (?) levels for each election t will give us estimates of ci 
and c 2 • We have in fact done this analysis for each elec- 
tion from 1908 to 1976. 

This regression analysis, which tests Eq. (2) , has a 
weakness in that the strength of the relationship is hard to 
interpret. This is because H(P) appears (implicitly) on both 
sides of the equality. To remedy this problem, and also give 
another perspective on the oscillatory process, we perform a 
second regression of A t H(P) on A t-1 H(P) values for the states 
at each election; that is, we carry out cross-sectional an- 
alysis of change immediately before and after each election. 

The regression model is 

A t H(P) = c^.-IUP) + c 2 . (3) 

This equation has oscillatory behavior for ci negative. - 
(Goldberg, pp. 136-7? the auxiliary equation has only real 
roots, which are Ci and 1.) By this method, and by looking 
at plots of A t H (P) against A t . 1 H(P), one can show directly 
the up and down — down and up — motion of the states over time. 

The first of the two regression analyses (Eq. 2) shows 
that the oscillatory model holds most strongly at t = 1912 
(R 2 = 73 percent), 1924 (R 2 = 69 percent), 1932 (R = 71 per- 
cent), 1936 (R 2 = 29 percent), 1948 (R 2 = 83 percent), 1956 
(R 2 = 78 percent) , 1968 (R“ = 76 percent) , 1972 (R - 79 per- 
cent) , and 1976 (R 2 = 34 percent). (In 1956, Mississippi was 
excluded as an outlier.) 

In each of these elections, the constant ci has a nega- 
tive value, as expected, and Ci ranges from -.43 in 1936 to 
-1.95 in 1968, for an average of -1.25 over the nine elections. 

The center of the oscillation, estimated from the values 
of Ci and c 2 , ranges from 0.65 in 1912 to 1.27 in 1968 and 
averages 0.95 over the nine elections. 

The second of the regression analyses, testing the re- 
lationship between first differences (Eg* 3) , gives results 
similar to the above but with lower R 2 values, as we might 
expect. The strongest relation between differences occurs 
when the middle election of the three is at t = 1912 (R = 88 
percent), 1920 (R 2 = 43 percent), 1924 (R 2 = 46 percent), 

1928 (R 2 = 32 percent) , 1936 (R 2 = 28 percent) , 1948 (R = 
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of alternatives is possible, we do not observe oscillatory 
behavior. 1 

Yet oscillatory behavior is also related to the concept 
of social memory." If people acting collectively try to re- 
turn their behavior to a previous level, then they must have 
a memory of it. Or they may have a memory of the rate of 
change . 

THE H (T) DYNAMIC 

In physical systems, we find many examples of systems 
with a "memory." These are oscillatory systems where the 
memory is in the form of stored or potential energy. 

There are also many physical processes or systems that 
seem to act without memory. Examples of these are radioac- 
tive decay or, at times, population growth. Such processes 
are modeled as exponential functions of time. What happens 
in these processes from one moment to the next depends only 
- on the level of the system at the instant, not on what hap- 
pened in the past. 

The behavior of H(T) in American presidential elections 
shows signs of being a memory less process. Here we tested 
the model 

£H(T) t = CiH(T) t + (4) 

where Ci and C 2 are arbitrary constants. The sign of Ci is 
critical in this type of system: a positive sign causes ex- 
ponentiai growth; a negative sign with c x in the interval 
(-1,0) gives monotone convergence (Goldberg, pp. 77-79) to 
the point HIT) = -ci/c: where AH(T) = 0 and the system stops 
changing. The greater the initial difference -between where 
the system is now and its final finite destination, the 
faster it will be changing at that moment. 

We must be careful in this analysis to rule out the 
trivial or spurious. This is a danger here because of the 
limit of H(T) values at 1 bit. For example, if many states 
increased H (T) to the limit between elections, those states 
would automatically satisfy the model (Eq. 4) . As direct 
inspection of the data on AH(T) reveals, however, it is un- 
usual for states, except perhaps if they are verv near 1 0 
already, to increase to the limit. (This corresponds to a 
change in turnout to 50 percent.) 

Applying the exponential model, which was selected after 
an investigation of many alternatives, we find that it holds 
pretty well for positive AH(T) in elections prior to 1960. 

^j!; 9 : 0 ' lfc h ? lds for negative AH(T) as well, with the re- 
sult that the relationship is captured best by the absolute 
value of AH (T) as in ce 

l“H(T) t j = ciH(T) t + c 2 . (5) 

In sum, the exponential model seems to have become stronger 
or, rather, this type of entropy-related behavior seems to 
have become more prevalent, in recent elections as compared 
to earlier elections. 
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It may also be that people can use the equal probability 
situation (1 bit) for two choices as a fixed reference point 
in comparing or adjusting what they perceive as the level of 
social uncertainty. 

SPATIAL ANALYSIS 

A final piece to the voting behavior puzzle is the spa- 
tial dimension. The spatial properties or dynamics are the 
result of the diffusion of voting behavior patterns among 
neighboring states. That such a diffusion takes place is 
strongly shown by certain large-scale spatial patterns in 
voting entropy distributions. 

Our earlier analysis of the United States had shown that 
the spatial distribution of state H(P) values has the char- 
acteristics of harmonic or potential functions, which in 
physical systems may result from diffusion or propagation ef- 
fects. Harmonic functions have unique properties that one 
can test for on spatial entropy data (Garabedian, 1964; 

Kellog ,1953). - ... - , . .. 

Two-dimensional spatial analysis is very difficult, 
however, and so we have adopted a method to reduce the an- 
alysis to one of a single spatial dimension. We shall "lin- 
earize" the geography of American states. 

To convert a two-dimensional map of the United States, 
to a one-dimensional "map," we order the states such that 
each state in the list of states shares a geographic border 
with the state immediately above and below it on the list. 

The procedure begins with Washington, Oregon, California, 
and continues on to Maine. The entire arrangement of the 
states by this ranking method is in the Appendix. 

The idea of the linearization is that the diffusion of 
voting behavior -if it exists, ought to be stronger over 
close distances — as from one state to a neighboring state, 
than over greater distances. Thus, the H(P) values of states 
in the list ought to be more influenced by H(P) values in 
adjacent states than by H(P) in more remote states, which 
will generally be farther away in the list. This method 
will, of course, lose some information on spatial relation- 
ships that a two-dimensional analysis might preserve. None- 
theless, we will see that this method works quite well. (The 
method might be applicable to other spatial problems in so- 
cial analysis; but to my knowledge, this is the first try 
at it.) 

A harmonic function is one that satisfies the Laplace 
equation, wfcich in the one-dimensional case for H(P) is 

&£h(P) = 0 (7) 

for (second) differences in the spatial dimension x. If the 
nth state in the list of states has value H(P) n , then the 
Laplace equation becomes 

A 2 H (P) n = 0 
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The spatial patterns also show the importance of con- 
formity in election outcome, especially at a close geographic 
range, and that it is conformity on an entropy dimension that 
concerns people in their voting choices. 

In comparison with the long time delays observed in the 
H (p) - h (T) linkage, or the relatively long period of the oscil- 
latory motion of H(P), the spatial process must go on more 
rapidly. This one can infer from how quickly the fit of the 
spatial regression model (Eq. 8) can change from one election 
to the next, especially for H(P). (Indeed, analysis of over 
time data shows only a weak or intermittent presence of spa- 
tial factors between elections.) 

The spatial effect of H(P) is also additive with respect 
to the H (T) -H ( P) linkage. If one includes both models in the 
same regression, as for 1968, the total explained variance 
increases to about 80 percent. 

Other properties of a two-dimensional harmonic function 
can also be used for tests that such a spatial pattern exists. 
These properties include the fact that maximum and minimum 
values for a two-dimensional "harmonic function must fall along 
the boundary of the system — as in a border or coastal state — 
and that averages around concentric circles must be equal. 

A test for this latter property might be for equality of 
average H(P) or H (T) values in interior and boundary states. 

I leave to the reader further investigations on these lines. 

As a practical matter, a strong spatial harmonic pattern 
is less interesting than the case of a spatial distribution 
that is distinctly not harmonic. A substantial departure 
from the harmonic distribution implies a lack of national in- 
tegration and the potential for dramatic change or conflict. 

.In our earlier research, ..we found two such cases: the United 
States just prior to the Civil War, and Rus"sia\qf 1917. 

SUMMARY * ' r 

In Table 2 we present a comprehensive view of which dy- 
namic models apply best to which elections. The criteria 
for inclusion in Table 2 are based on levels of explained 
variance (R 2 ) of the previously discussed regression analyses. 

For the H ( P) = cH (T) model, Table 2 reports the elections 
where R 2 exceeds 30 percent and 60 percent for either H(T) or 
H ( p ) in a time-lagged relationship. For the oscillatory be- ■ 
havior of H(P), we include the model in Table 2 if either 
Eq. (2) (the acceleration model) holds with R >60 percent, 
or if Eq. (3) (the velocity model) holds with R 2 > 30 percent. 
(We recall that the explained variance for Eq. (2) models 
will tend to run high; so the inclusion level is set more 
conservatively.) 

We also take a conservative approach to including H(T) 
change. Only cases where the absolute value model (Eq. 5) 
holds well are included rather than the similar, but less 
general, results of increasing H (T ) only. 

For spatial models (Eq. 9), we lower the inclusion level 
to R 2 > 20 percent in order to capture this somewhat weaker 
dynamic effect. Cases where R 2 > 60 percent are also indicated. 
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,i I APPENDIX Is THE LINEARIZED RANKING OF STATES 


1. 

Washington 

25. 

Indiana 

2. 

Oregon 

26. 

Michigan 

3. 

California 

27. 

Ohio 

4. 

Nevada 

28. 

Kentucky 

5, 

Idaho 

29. 

Tennessee 

6. 

Utah 

30. 

Mississippi 

7. 

Arizona 

31 . 

Alabama 

8. 

New Mexico 

32. 

Florida 

9. 

Colorado 

33. 

Georgia 

10. 

Wyoming 

34. 

South Carolina 

11. 

Montana 

35. 

North-Carol ina 

12. 

North Dakota 

36. 

Virginia 

13. 

South Dakota 

37. 

West Virginia 

14. 

Nebraska 

38. 

Maryland 

15. 

Kansas 

39. 

Delaware 

16. 

Oklahoma 

40. 

New Jersey 

17. 

Texas , 

41 . 

Pennsylvania 

18. 

Louisiana 

42. 

New York 

19. 

Arkansas 

43. 

Connecticut 

20. 

Missouri 

44. 

Rhode Island 

21. 

Iowa 

45. 

Massachusetts 

*22. 

Minnesota 

46. 

Vermont 

23. . 

Wisconsin 

47. 

New Hampshire 

24.- 

Illinois- 

48 . 

Maine 


APPENDIX II: REGRESSION EQUATION ESTIMATES FOR THE 
MATHEMATICAL MODELS 

MODEL: H(P) = cH(T) 

Year Year 


H ( P ) 

H (T) 

c (error) 

R % 

F* 

Significance 

1904 

1920 

1.24 

(.03) 

34 

30 

.001 

1908 

1920 

1.28 

(.03) 

36 

36 

.001 

1912 

1912 

1.85 

(.05) 

25 

16 

.001 

1912 

19.20 

1.80 

(.03) 

70 

107 

.001 

1912 

1924 

1.84 

(.03) 

69 

102 

.001 

1916 

1920 

1.24 

(.02) 

70 

107 

.001 

1916 

1924 

1.27 

(.02) 

62 

83 

.001 

1916 

1928 

1.30 

(.02) 

65 

95 

.001 

1920 

1920 

1.19 

(.03) 

26 

27 

.001 

1924 

1920 

1.39 

(.03) 

52 

53 

.001 

1924 

1924 

1.41 

(.03) 

36 

37 

.001 

1924 

1928 

1 .45 

(.03) 

48 

43 

.001 

1932 

1920 

1.11 

(.02) 

71 

171 

.001 

1932 

1924 

1 . 13 

(.03) 

72 

143 

.001 

1932 

1932 

1.17 

(.04) 

37 

31 

.001 


Miller, George A. (1956) The magical number seven, plus or minus two: 
Some limits on our capacity for processing information. The 
Psychological Review , 63^: 81-97. 

Shannon, C. E. and Weaver, Warren (1969) The Mathematical Theory of 
Communication, Champain-Urbana , IL: University of Illinois Press. 
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Year 

H (P) 

Year 

T 

1912 

1912 

1912 

1920 

1916 

1916 

1916 

1920 

1920 

1920 

1920 

1924 

1924 

1920 

1924 

1924 

1928 

1928 

1932 

1920 

1932 

1924 

1932 

1932 

1936 

1920 

1936 

1936 


PRESIDENTIAL ELECTIONS 


ci (error) c i (error) c 3 (error) 


1940 1920 

1940 1924 

1940 1940 

1944 1924 

1944 1944 

1944 1948 

1948 .1948 
1948 1952 


0.051 

(.007) 

0.048 

(.006) 

0.042 

(.006) 

0.036 

(.005) 

0.024 

(.006) 

0.023 

(.006) 

0.032 

(.006) 

0.025 

(.007) 

0.016 

(.004) 

0.043 

(.004) 

0.038 

(.005) 

0.039 

(.006) 

0.039 

(.005) 

0.031 

(.006) 

0.0300 

(.003) 

0.028 

(.003) 

0.026 

(.003) 

0.019 

(.003) 

0.021 

(.004) 

0.022 

(.004) 

0.016 

*(.008) 

0.033 

(. 010 ) 


-.00038 
(.00007) 
-.00041 
(.00008) 
-.00033 
(.00005) 
-.00034 
(.00006) 
-.00024 
(.00007) 
-.00023 
(.00008) 
-.00028 
(.00007) 
-.00022 
(.00008) 
-.00014 
(.00004) 
-.00038 
(.00005) 
-.00033 
(.00006) 
-.00031 
( .00006) 
-.00033 
(.00006) 
-.00022 
(. 00006 ) 
-.00027 
(.00003) 
-.00026 
(.00004) 
-.00020 
{ .00003) 
-.00018 
(.00004) 
-.00018 
(.00004) 
-.00020 
(.00005) 
-.00019 
(.00008) 
-.00031 
(.00009) 


Max* 

F Sig. at T 

73 .001 66 

72 -001 59 


-.079 

(.13) 

. 70 

53 

.001 

0.28 

(.09) 

69 

50 

.001 

0.54 

(.11) 

35 

12 

.001 

0.61 

(.11) 

32 

10 

.001 

0.47 

(.12) 

55 

27 

.001 

0.63 

(-12) 

55 

18 

.001 

0.61 

(.17) 

34 

11 

.001 

-.10 

(.08) 

84 

120 

.001 

0.049 

(.086) 

79 

84 

.001 

-.14 

(.11) 

79 

84 

.001 

-.031 

(.089) 

79 

84 

-.001 

-.010 

(.12) 

76 

70 

.001 

. 1 ' 7 _ - 

(.05) 

86 

134 

.001 

0.25 

(.06) 

80 

91 

.001 

0.14 

(.07) 

82 

100 

.001 

0.52 

(.05) 

63 

38 

.001 

0.41 

(.07) 

63 

38 

.001 

0.39 

(.08) 

59 

33 

.001 

0.89 

(.15) 

11 

2.69 .07 

0.39 

(.24) 

23 

6.6 

.003 


•When the sign of c* is negative the model is a parabolic function 
of T with a maximum at T = -ci/2c 2- The predicted value is T 50. 
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MODEL: 

| AH (T) 1 1 

= CiH(T) t + C; 





Year 









t 

Cl (error) 

c 2 (error) 

R 2 % 

F 

Sig. 


1904 

-0.05 

(0.096) 

0.060 

(0.080) 

0 

.003 

.96 


1908 

-0.46 

(0.06) 

0.45 

(0.05) 

57 

56.6 

.001 


1912 

-0.16 

(0.07) 

0.19 

(0.06) 

12 

5 . 6 

.02 


1916 

-0.62 

(0.07) 

0.65 

(0.06) 

66 

85 

.001 


1920 

-0.11 

(0.05) 

0.14 

(0.04) 

11 

5.3 

.03 


1924 

-0.14 

(0.05) 

0.19 

(0.04) 

16 

8.3 

.006 


1928 

-0.06 

(0.04) 

0.10 

(0.04) 

5 

2.1 

.15 


1932 

0.022 

(0.049) 

0.023 

(0.042) 

0 

.20 

.66 


1936 

-0.005 

(0.038) 

0.039 

(0.031) 

0 

.018 

.90 


1940 

-0.20 

(0.080) 

0.26 

(0.066) 

12 

6.4 

.015 


1944 

-0.13 

(0.024) 

0.14 

(0.021) 

38 

28.4 

.001 


1948 

-0.39 

(0.58) 

0.46 

(0.053) 

25 

15.7 

.001 


1952 

-0.30 

(0.04) 

0.30 

(0.04) 

49 

44.1 

.001 


1956 

-0.18 

(0.07) 

0.21 

(0.07) 

11 

- 5.7 

.02 

— 

1960 

-0.27 

(0.04) 

0.27 

(0.04) 

41 

33.2 

.001 


1964 

-0.24 

(0.04) 

0.24 

(0.04) 

43 

30.3 

.001 


1968 

-0.46 

(0.04) 

0.46 

(0.04) 

74 

128 

.001 


1972 

-0.29 

(0.05) 

0.29 

(0.05) 

41 

32.1 

.001 


1976 

-0.25 

(0.04) 

0.25 

(0.04) 

40 

31.8 

.001 



MODEL: 

AH (T) t = 

Cl H (T) t + C 2 , 

AH (T) t 

> 0 



Year 








- 

t •*’ 

Ci (error) 

C 2 

(error) 

.R 2 % 

F 

Sig. N 



■ - . 




^ - — 

— — 





Approved For Release 2009/09/21 : CIA-RDP87M00539R002804720026-8 






